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[Claim(s)] 

[Claim 1] n type rritrogen-3 group element compound semiconductor 
(AlxGaYInl-X-YN;X=0, Y= 0, and X=Y=0 are included) from -- n becoming 
layers p layers which consist of p type nitrogen-3 group element compound 
semiconductors (AlxGaYInl-X-YN;X=0, Y= 0, and X=Y=0 are included). High 
carrier concentration p+ of comparatively high concentration [ concentration 
/ p layers of low carrier concentration and hole concentration / of 
comparatively low concentration / concentration / hole / the side which is the 
light emitting device equipped with the above, and joins the p 
aforementioned layers to the n aforementioned layers to ] ] It is 
characterized by forming repeatedly a term two or more rounds by making a 
layer into one period. 
[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the nitrogen-3 group 
element compound semiconductor light emitting device of blue luminescence. 
[0002] 

[Description of the Prior Art] Conventionally, it is GaN as blue light emitting 
diode. The thing using the compound semiconductor of a system is known. 
The GaN Since the compound semiconductor of a system is a transited 
[ directly ] type, it attracts attention from that luminous efficiency is high, 
making into the luminescent color blue it is [ blue ] one in three primary 
colors of the light, etc. 

[0003] Recently and GaN It is p type GaN by also setting, doping Mg and 
irradiating an electron ray. Being obtained became clear. Consequently, GaN 
which changes to junction to n conventional layers and a conventional half- 
insulating layer (i layers), and has pn junction Light emitting diode is 
proposed. 
[0004] 

[Problem(s) to be Solved by the Invention] However, even if it is the light 
emitting diode which has the above-mentioned pn junction, luminescence 
brightness is not yet enough and sufficient thing is not obtained about the 
life. Then, the purpose of this invention is a nitrogen-3 group element 
compound semiconductor (AlxGa Yin 1 -X- YN;X=0 , Y= 0, and X=Y=0 are 
included). It is protracting raising the luminescence brightness of the light 
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emitting diode of light emitting diode, and an element life. 
[0005] 

[Means for Solving the Problem] this invention — n type nitrogen-3 group 
element compound semiconductor (AlxGaYIn 1-X-YN;X=0, Y= 0, and X=Y=0 
are included) from with n becoming layers p type nitrogeii-3 group element 
compound semiconductor (AlxGaYIn 1-X-YN;X=0, Y= 0, and X=Y=0 are 
included) In the nitrogen-3 group element compound semiconductor light 
emitting device which has p becoming layers from - High carrier 
concentration p+ of comparatively high concentration [ concentration / p 
layers of low carrier concentration and hole concentration / of comparatively 
low concentration / concentration / hole / the side which joins p layers to n 
layers to ] ] It is characterized by forming repeatedly a term two or more 
rounds by making a layer into one period. 

[0006] Hole concentration of the p layers of the above-mentioned low carrier 
concentration Ixl014-/cm3 - Ixl016-/cm3 are desirable, and it is high carrier 
concentration p+. Hole concentration of a layer Ixl016-/cm3 - 2xl017-/cm3 
are desirable. Moreover, 100 **-1000A of thickness is desirable. 
[0007] 

[Function and Effect of the Invention] For the side which joins p layers to n 
layers to hole concentration, comparatively low-concentration p layers of low 
carrier concentration and hole concentration are [ this invention ] 
comparatively high-concentration high carrier concentration p+. As a result 
of forming it repeatedly a term two or more rounds, having used the layer as 
one period, luminescence brightness improved. Luminescence brightness is 
10mcd(s) and this luminescence brightness is the conventional pn junction 
GaN. It compares with the luminescence brightness of light emitting diode, 
and is 2. It improved twice. Moreover, a luminescence life is 104. It is time 
and is the conventional pn junction GaN. 1.5 of the luminescence life of light 
emitting diode It is twice. 
[0008] 
[Example] 

In 1st example drawing 1 , light emitting diode 10 has silicon on sapphire 1, 
and it is A1N of 500 ** to the silicon on sapphire 1. The buffer layer 2 is 
formed, the buffer-layer 2 top -- order - thickness 2.2 [ about ] mum and 
silicon dope GaN of 2xl018/of concentration of electrons cm 3 from -- high 
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carrier concentration n+ which changes A layer 3 and thickness abbreviation 
1.5 micrometers and non dope GaN of 1x10 16/of concentration of electrons 
cm 3 from — 4 is formed n layers of low carrier concentration which changes 
Furthermore, on 4, p layer 5 which consists of the multiplex layer structure 
of a thin film is formed n layers of low carrier concentration, p layer 5 — 
thickness about 500 ** and Mg dope GaN of 1x10 16/of hole concentration cm 
3 from — it changes -- low — carrier concentration p layer LI and thickness 
about 500 ** and hole concentration Mg dope GaN of 2xl017-/cm3 from -- it 
changes - high — carrier concentration p layer HI It consists of multiplex 
layer structures by which 5 period repeat formation was carried out by 
considering as one period. And high carrier concentration p+ of the best layer 
Layer H5 The electrode 7 and high carrier concentration n+ which were 
formed with the nickel to connect The electrode 8 formed with the nickel 
linked to a layer 3 is formed. Insulating separation of an electrode 8 and the 
electrode 7 is electrically carried out by the slot 9. 

[0009] Next, the manufacture method of the light emitting diode 10 of this 
structure is explained. The above-mentioned light emitting diode 10 is an 
organometallic compound vapor growth (it is described as "M0VPE" below). 
It was manufactured by the vapor growth to depend. The used gas is NH3. 
Carrier gas H2 and trimethylgalhum (Ga3 (CH3)) (it is described as "TMG" 
below) Trimethylaluminum (aluminum3 (CH3)) (it is described as "TMA" 
below) They are a silane (SiH4) and bis(cyclopentadienyl) magnesium (Mg2 
(C5H5)) (it is described as M CP2Mg" below). 

[0010] First, it is M0VPE about the silicon on sapphire 1 of the single crystal 
which makes a principal plane the Ath page washed with organic washing 
and heat treatment. The susceptor laid in the reaction chamber of equipment 
is equipped. Next, gas phase etching of the silicon on sapphire 1 was carried 
out at the temperature of 1100 degrees C, passing H2 to a reaction chamber 
by part for rate-of-flow 2 liter/by the ordinary pressure. 

[0011] Next, temperature It is made to fall to 400 degrees C, and they are a 
part for 20 liter/, and NH3 about H2. Apart for 10 liter/, and TMAIt supplies 
by part for 1.8x10 -five-mol/, and is A1N. A buffer layer 2 is abbreviation. It 
was formed in the thickness which is 500A. The temperature of silicon on 
sapphire 1 is held at 1150 degrees C. H2 Apart for next, 20 liter/, NH3 Apart 
for 10 liter/, and TMG A part for 1.7x10 -four-mol/, H2 « 0.86 ppm up to - 
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diluted silane (SiH4) a part for 200 ml/- comparatively — coming out -- for 30 
minutes — supplying thickness abbreviation GaN of 2.2 micrometers and 
2x10 18/of concentration of electrons cm 3 from — high carrier concentration 
n+ which changes The layer 3 was formed. 

[0012] then, the temperature of silicon on sapphire 1 - 1150 degrees C -- 
holding - H2 - a part for 20 liter/, and NH3 -- a part for 10 liter/, and TMG a 
part for 1.7 xlO -four-mol/- comparatively coming out — for 20 minutes -- 
supplying — about 1.5 micrometers of thickness, and concentration of 
electrons 1x1016 / cm3 GaN from 4 was formed n layers of low carrier 
concentration which changes 

[0013] Next, silicon on sapphire 1 is made into 1150 degrees C, and it is H2. 
Apart for 20 liter/, NH3 Apart for 10 liter/, and TMG 1.7x10 -four-mol a part 
for /and CP2Mg a part for 8x10 -eight-mol/— comparatively - coming out 
0.7 a part ~ between -- supplying ~ GaN of 5xl019/of Mg concentration cm 3, 
and thickness 500 ** from — it changes - low -- carrier concentration p layer 
LI It formed. In this state, it is LI p layers of low carrier concentration. It is 
still resistivity 108. It is an insulator more than omegacm. 
[0014] Next, silicon on sapphire 1 is made into 1150 degrees C, and it is H2. 
Apart for 20 liter/, NH3 Apart for 10 liter/, and TMG 1.7x10 -four-mol a part 
for /and CP2Mg a part for 3x10 -seven-mol/— comparatively — coming out — 
0.7 a part -- between - supplying -- Mg concentration GaN of 2xl020-/cm3 
and thickness 500 ** from -- high carrier concentration p+ which changes 
Layer HI It formed, this state - high carrier concentration p+ a layer HI -- 
yet — resistivity 108 It is an insulator more than omegacm. 
[0015] Then, p above-mentioned layers of low carrier concentration and 
above-mentioned high carrier concentration p+ As the formation process of a 
layer was repeated a term 4 rounds and was further shown in drawing 2 , p 
layer 5 of the multiplex layer structure of five periods was obtained as a 
whole. 

[0016] Next, the electron ray was uniformly irradiated p layer 5 of the 
above-mentioned multiplex layer structure using reflection-electron line 
diffraction equipment. The irradiation conditions of an electron ray are lOkV 
of acceleration voltage, and a specimen current. They are ImicroA, traverse- 
speed 0.2 mm/sec of a beam, beam-diameter 60micrometerphi, and degree of 
vacuum 2.1 xl0-51brr. By irradiation of this electron ray, it is low carrier 
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concentration p layer LI -L5. It becomes p conduction-type semiconductor 
with aJ[ of hole concentration cm 3 ] of 1x1016, and a resistivity [ cm ] of 
40ohms, and is high carrier concentration p+. Layer HI -H5 Hole 
concentration 2xl017-/cm3, resistivity It became p conduction-type 
semiconductor of 2-ohmcm. Thus, the wafer of multilayer structure as shown 
in drawing 2 was obtained. 

[0017] Drawing 3 described below to drawing 7 is the cross section showing 
only one element on a wafer, and in practice, about the wafer with which this 
element was repeated continuously, processing is performed and it is cut for 
every element after that. 

[0018] it is shown in drawing 3 -- as high carrier concentration p+ Layer 
H5 a top — sputtering — SiO two-layer -11 was formed in the thickness of 
2000 A Next, the photoresist 12 was applied on the SiO two-layer 11. And it is 
high carrier concentration p+ by Fort Lee SOGUKAFU. Layer H5 It sets 
upwards and is high carrier concentration n+. They are the electrode 
formation part A corresponding to the hole 15 formed so that it may result in 
a layer 3, and its electrode formation section High carrier concentration p+ 
Layer H5 The photoresist of the part B which forms the slot 9 which carries 
out insulating separation with an electrode was removed. 
[0019] next, the SiO two-layer which is not covered by the photoresist 12 as 
shown in drawing 4-11 was removed by the hydrofluoric-acid system 
etching reagent Next, the multiplex layer structure of the part which is not 
covered by a photoresist 12 and SiO two-layer 11 as shown in drawing 5 is 4 
and high carrier concentration n+ p layer 5 and n layers of low carrier 
concentration under it. After supplying degree of vacuum 0.04Tbrr, RF power 
0.44 W/cm2, and BC13 gas at 10ml a rate for /and carrying out dry etching of 
the upper surface of a layer 3 part, dry etching was carried out by Ar. At this 
process, it is high carrier concentration n+. The hole 15 for electrode drawing 
to a layer 3 and the slot 9 for insulating separation were formed. 
[0020] next, it is shown in drawing 6 -- as -- high carrier concentration p+ 
Layer H5 the SiO two-layer which remains upwards — 11 was removed by 
the hydrofluoric acid Next, as shown in drawing 7 , the nickel layer 13 was 
formed by vacuum evaporationo all over the upper [ of a sample ]. Thereby, in 
a hole 15, it is high carrier concentration n+. The nickel layer 13 electrically 
connected to the layer 3 is formed. And a photoresist 14 is applied on the 
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nickel layer 13, and the photoresist 14 is high carrier concentration n+ by 
Fort Lee SOGURAFU. A layer 3 and high carrier concentration p+ Layer H5 
Pattern formation was carried out to the predetermined configuration so 
that the receiving polar zone might remain. 

[002 1] Next, as shown in drawing 7 , the outcrop of the lower layer nickel 
layer 13 was ********** e d by the nitric- acid system etching reagent by using 
the photoresist 14 as a mask. At this time, the nickel layer 13 by which 
vacuum evaporationo was carried out to the slot 9 for insulating separation 
is removed completely. Next, an acetone removes a photoresist 14 and it is 
high carrier concentration n+. The electrode 8 of a layer 3, and high carrier 
concentration p+ Layer H5 The electrode 7 was left behind. Then, like the 
above, the processed wafer was cut for every element and obtained the 
gallium-nitride system light emitting device of pn structure shown in 
drawing 1 . 

[0022] thus, the place which measured the luminescence intensity of the 
manufactured light emitting diode 10 -- lOmcd it is GaN of the pn junction 
of the former [ brightness / luminescence / this ] the luminescence brightness 
of light emitting diode — comparing — It was double precision. Moreover, a 
luminescence life is 104. It is time and is GaN of the conventional pn junction. 
It compares with the luminescence life of light emitting diode, and is 1.5. It 
was twice. Since such p layer 5 was made into the multiplex layer structure 
of a thin film, the injection rate of the hole of 4 was able to be made to 
increase n layers of low carrier concentration of a hole. 

[0023] In addition, it is methyl bis (cyclop entadienyl) magnesium (C6H7) Mg 
2 besides the gas above-mentioned [ the doping gas of the magnesium Mg 
used in the above-mentioned example ]. You may use. 

[0024] The concentration of electrons of 4 is 1x1014 - Ixl016-/cm3 the n 
layers of the above-mentioned low carrier concentration. Thickness 0.5 to 2 
micrometer is desirable, concentration of electrons Ixl016-/cm3 since 
luminescence intensity will fall if it becomes the above, it is not desirable — 
Ixl014-/cm3 Since the series resistance of a light emitting device will become 
high too much if it becomes the following, and it will generate heat if current 
is passed, it is not desirable. Moreover, thickness Since the series resistance 
of a light emitting device will become high too much if set to 2 micrometers or 
more, and it will generate heat if current is passed, thickness desirably Since 
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luminescence intensity will fall if set to 0.5 micrometers or less, it is not 
desirable. 

[0025] Furthermore, high carrier concentration n-t- Concentration of 
electrons of a layer 3 1x1016 - Ixl019-/cm3 Thickness 2-10 micrometers is 
desirable, concentration of electrons Ixl019-/cm3 since crystallinity will get 
worse if it becomes the above, it is not desirable ~ Ixl016-/cm3 Since the 
series resistance of a light emitting device will become high too much if it 
becomes the following, and it will generate heat if current is passed, it is not 
desirable. Moreover, since a substrate will curve if thickness is set to 10 
micrometers or more, thickness desirably Since the series resistance of a 
light emitting device will become high too much if set to 2 micrometers or 
less, and it will generate heat if current is passed, it is not desirable. 
[0026] Moreover, above-mentioned low carrier concentration p layer LI -L5 
Hole concentration is 1x1014 - Ixl016-/cm3. 100-1000A of thickness is 
desirable. Hole concentration Ixl016-/cm3 If it becomes the above, since 
matching with 4 will become bad n layers of low carrier concentration and 
luminous efficiency will fall, hole concentration desirably Ixl014-/cm3 If it 
becomes the following, since series resistance will become high too much, it is 
not desirable. 

[0027] Furthermore, high carrier concentration p+ Layer Hi -H5 Hole 
concentration 1x1016 - 2xl017-/cm3 100-1000A of thickness is desirable. 
Hole concentration 2xl017-/cm3 The above p+ A layer is not made. 1 xl016- 
/cm3 Since series resistance becomes high when it comes to the following, it 
is not desirable. 

[0028] As shown in 2nd example drawing 8 , light emitting diode 10 can also 
be constituted, namely, a buffer-layer 2 top — order — p layer 5 of the 
multiplex layer structure of a thin film, and thickness abbreviation 1.5 
micrometers and non dope GaN of lxl016/of concentration of electrons cm 3 
from — it changes -- low - carrier concentration n layer 4 and thickness 2.2 
[ about ] mum and silicon dope GaN of 2xl018/of concentration of electrons 
cm 3 from — high carrier concentration n+ which changes The layer 3 is 
formed. It is the same as that of the 1st example, and this p layer 5 is p 
layers of low carrier concentration, and high carrier concentration p+. It is 
repeatedly formed by making a layer into one period the term 5 rounds. 
[0029] And high carrier concentration n+ The electrode 8 and high carrier 
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concentration p+ which were formed with the nickel linked to a layer 3 Layer 
H5 The electrode 7 formed with the nickel to connect is formed. An electrode 
8 and an electrode 7 are high carrier concentration n+. Insulating separation 
is electrically carried out by the slot 9 1 formed in 5 4 or p layers with a layer 
[ 3 ] and a low carrier concentration of n layers. 

[0030] Thus, unlike the 1st example, this example makes reverse deposition 
sequence over the substrate 1 of p layers and n layers. Manufacture can be 
performed like the 1st example. 

[0031] Thus, p layers of a side to low carrier concentration and high carrier 
concentration p+ which join p layers to n layers Since it formed in the 
structure of a multiplex period by making into one period two-layer [ which 
is used as a layer ] Highest p+ of hole concentration n+ with highest layer 
and concentration of electrons Between layers, by impressing voltage, it is 
efficiently accelerated on each class and an electron and a hole are efficiently 
injected into the layer of an opposite conduction type through a pn junction 
side. Consequently, luminescence brightness improved. 

[0032] In 3rd example drawing 9 , light emitting diode 10 has silicon on 
sapphire 1, and it is A1N of 500 ** to the silicon on sapphire 1. The buffer 
layer 2 is formed, the buffer-layer 2 top — order — thickness 2.2 [ about ] mum 
and silicon dope GaN of 2xl018/of concentration of electrons cm 3 from 
high carrier concentration n+ which changes A layer 3 and thickness 
abbreviation 1.5 micrometers and concentration of electrons Non dope GaN 
of Ixl016-/cm3 from — 4 and i layer 6 of a multiplex layer structure are 
formed n layers of low carrier concentration which changes 6 is iLl, and 
thickness about 500 ** and Mg concentration i layers thickness about 500 ** 
and i layers of low high impurity concentration of 5xl019/of Mg 
concentration cm 3. It consists of multiplex layer structures by which 5 
period repeat formation was carried out by making iHl into one period i 
layers of high high impurity concentration of 2xl020-/cm3. 
[0033] And thickness about 500 ** formed into p conduction type by electron 
beam irradiation i layers of the low high impurity concentration, respectively 
in the predetermined field of iLl-iL5, and the high high impurity 
concentration iHl-iH5 and quantity carrier concentration p layer HI -H5 of p 
layer LI of low carrier concentration - L5, thickness about 500 **, and 
2xl017/of hole concentration cm 3 of lxl016/of hole concentration cm 3 It is 
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formed. Thus, p layer 50 of a multiplex layer structure is formed in some [ of 
a multiplex layer structure ] positions of i layer 6. 

[0034] Moreover, high high-impurity-concentration i+ From the upper 
surface of a layer iH5, 4 is penetrated i layer 6 and n layers of low carrier 
concentration, and it is high carrier concentration n+. The hole 15 which 
results in a layer 3 is formed. It passes along the hole 15 and is high carrier 
concentration n+. The electrode 81 formed with the nickel joined to the layer 
3 is high high-impurity-concentration i+. It is formed on the layer iH5. 
Moreover, high carrier concentration p+ Layer H5 In the upper surface, it is 
high carrier concentration p+. Layer H5 The electrode 71 formed with the 
nickel to receive is formed. High carrier concentration n+ Insulating 
separation of the p layers of the i layers of the electrodes 81 to a layer 3 is 
carried out by 6 to 50. 

[0035] Next, the manufacture method of the light emitting diode 10 of this 
structure is explained. Drawing 10 which shows a manufacturing process to 
drawing 15 is a cross section only about one in a wafer, and the next 
manufacture processing is performed about the wafer with which the 
element shown in drawing in fact was formed repeatedly. And finally, a wafer 
is cut and each light emitting device is formed. 

[0036] The wafer shown in drawing 10 is manufactured like the 1st example, 
next, it is shown in drawing 11 -- as -- high high -impurity-concentration i+ a 
layer iH5 top -- sputtering -- SiO two-layer - 11 was formed in the thickness 
of 2 000 A Next, the photoresist 12 was applied on the SiO two-layer 11. And it 
is high high-impurity-concentration i+ by Fort Lee SOGUEAFU. It sets in a 
layer iH5 and is high carrier concentration n+. The photoresist of the 
electrode formation part A corresponding to the hole 15 formed so that it may 
result in a layer 3 was removed. 

[0037] next, the SiO two-layer which is not covered by the photoresist 12 as 
shown in drawing 12 11 was removed by the hydrofluoric- acid system 
etching reagent Next, the multiplex layer structure of the part which is not 
covered by a photoresist 12 and SiO two-layer 11 as shown in drawing 13 is 4 
and high carrier concentration n+ i layer 6 and n layers of low carrier 
concentration under it. After supplying degree of vacuum 0.04Tbrr, RF power 
0.44 W/cm2, and BC13 gas at 10ml a rate for /and carrying out dry etching of 
the upper surface of a layer 3 part, dry etching was carried out by Ar. At this 
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process, it is high carrier concentration n+. The hole 15 for electrode drawing 
to a layer 3 was formed, next, it is shown in drawing 14 -- as - high high- 
impurity-concentration i+ the SiO two-layer which remains on the layer iH5 
— 11 was removed by the hydrofluoric acid 

[0038] Next, as shown in drawing 15 , it is high high-impurity-concentration 
i+. Layers iHl-iH5 and i layers of low high impurity concentration, use 
reflection-electron line diffraction equipment only for the predetermined 
field of iLl-iL5, and an electron ray is irradiated. Thickness about 500 ** 
which shows p conduction type, respectively, hole concentration Low carrier 
concentration p layer LI -L5 of p layer HI of high carrier concentration - H5, 
thickness about 500 **, and 1x10 16/of hole concentration cm 3 of 2x1017- 
/cm3 It was formed. 

[0039] The irradiation conditions of an electron ray are lOkV of acceleration 
voltage, and a specimen current. They are ImicroA, traverse-speed 0.2 
mm/sec of a beam, beam-diameter 60micrometerphi, and degree of vacuum 
2.1 xlO-5Torr. At this time, it is high carrier concentration p+. Layer HI -H5 
And low carrier concentration p layer LI -L5 The portion of an except, i.e., 
the portion by which an electron ray was not irradiated, is high high- 
impurity-concentration i+ of an insulator. It is still iLl-iL5 layers iHl-iH5 
and i layers of low high impurity concentration. Therefore, high carrier 
concentration p+ Layer HI -H5 And low carrier concentration p layer LI -L5 
Although it flows in 4 n layers of low carrier concentration to lengthwise, it is 
[ as opposed to / the circumference / in a longitudinal direction ] high high- 
impurity-concentration i+. Insulating separation is electrically carried out by 
iLl-iL5 layers iHl-iH5 and i layers of low high impurity concentration. 
[0040] Next, as shown in drawing 16 , it is high carrier concentration p+. 
Layer H5 The high high-impurity-concentration i+ layer iH5 and high high- 
impurity-concentration i+ The nickel layer 20 was formed in the high carrier 
concentration n+ layer 3 of vacuum evaporationo through the upper surface 
and the hole 15 of a layer iH5. And a photoresist 21 is applied on the nickel 
layer 20, and the photoresist 21 is high carrier concentration n+ by Fort Lee 
SOGURAFU. A layer 3 and high carrier concentration p+ Layer H5 Pattern 
formation was carried out to the predeteraiined configuration so that the 
receiving polar zone might remain. Next, the outcrop of the lower layer 
nickel layer 20 was ********** e d by the nitric-acid system etching reagent 
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by having used the photoresist 21 as the mask, and the acetone removed the 
photoresist 21. Thus, as shown in drawing 9 , it is high carrier concentration 
n+. The electrode 81 of a layer 3, and high carrier concentration p+ Layer H5 
The electrode 71 was formed. Then, the wafer formed as mentioned above 
was cut for every element. 

[0041] thus, the place which measured the luminescence intensity of the 
manufactured light emitting diode 10 -- the 1st example -- the same — lOmcd 
it is -- a luminescence life - 104 It was time. 

[0042] In the light emitting diode of the 1st example of the structure shown 
in 4th example drawing 1 , p layer 5 of the high carrier concentration n+ 
layer 3 and a multiplex layer structure was set to aluminum0.2Ga0.5In0.3N, 
respectively. High carrier concentration n+ The layer 3 added silicon, formed 
it in 2xl018/of concentration of electrons cm 3, and formed 4 in lxl016/of 
concentration of electrons cm 3 by impurity additive-free n layers of low 
carrier concentration. It is LI p layers of low carrier concentration. 
Magnesium (Mg) is added, an electron ray is irradiated, and it forms in 
electron hole concentration 1 xl016-/cm3, and is HI p layers of high carrier 
concentration. Similarly magnesium (Mg) is added, an electron ray is 
irradiated, and it is electron hole concentration. It formed in 2xl017-/cm3. 
And high carrier concentration p+ of the best layer Layer H5 The electrode 7 
and high carrier concentration n+ which were formed with the nickel to 
connect The electrode 8 formed with the nickel linked to a layer 3 was 
formed. 

[0043] Next, the light emitting diode 10 of this structure as well as the light 
emitting diode of the 1st example can be manufactured. Trimethylindium 
(In3 (CH3)) is TMG, TMA, a silane, and CP2Mg. In addition to gas, it was 
used. Generation temperature and the quantity of gas flow are the same as 
the 1st example. Trimethylindium Except for supplying by part for 1.7x10 - 
four-mol/, the flow rate of other gas is the same as that of the 1st example. 
[0044] Next, like the 1st example, using reflection-electron line diffraction 
equipment, the electron ray was irradiated uniformly p layer 5 of the above- 
mentioned multiplex layer structure, and p conduction-type semiconductor 
was able to be obtained. 

[0045] Next, it is high carrier concentration p+ like the 1st example. Layer 
H5 The electrodes 7 and 8 formed with the nickel linked to the high carrier 
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concentration n+ layer 3 were formed. 

[0046] thus, the place which measured the luminescence intensity of the 
manufactured light emitting diode 10 ~ lOmcd it is -- GaN of the pn junction 
of the former [ brightness / luminescence / this ] the luminescence brightness 
of light emitting diode -- comparing -- It was double precision. Moreover, a 
luminescence life is 104. It is time and is GaN of the conventional pn junction. 
It compares with the luminescence life of light emitting diode, and is 1.5. It 
was twice. Since such p layer 5 was made into the multiplex layer structure 
of a thin film, the injection rate of the hole of 4 was able to be made to 
increase n layers of low carrier concentration of a hole. 
[Brief Description of the Drawings] 

[Drawing 1] The block diagram having shown the composition of the light 
emitting diode concerning the 1st concrete example of this invention. 
[Drawing 2] The cross section having shown the manufacturing process of 
the light emitting diode of this example. 

[Drawing 3] The cross section having shown the manufacturing process of 
the light emitting diode of this example. 

[Drawing 4] The cross section having shown the manufacturing process of 
the light emitting diode of this example. 

[Drawing 5] The cross section having shown the manufacturing process of 
the light emitting diode of this example. 

[Drawing 6] The cross section having shown the manufacturing process of 
the light emitting diode of this example. 

[Drawing 7] The cross section having shown the manufacturing process of 
the light emitting diode of this example. 

[Drawing 8] The block diagram having shown the composition of the light 
emitting diode concerning the 2nd concrete example of this invention. 
[Drawing 9] The block diagram having shown the composition of the light 
emitting diode concerning the 3rd concrete example of this invention. 
[Drawing 10] The cross section having shown the manufacturing process of 
the light emitting diode of this example. 

[Drawing 11] The cross section having shown the manufacturing process of 
the light emitting diode of this example. 

[Drawing 12] The cross section having shown the manufacturing process of 
the light emitting diode of this example. 
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[Drawing 13] The cross section having shown the manufacturing process of 
the light emitting diode of this example. 

[Drawing 14] The cross section having shown the manufacturing process of 
the light emitting diode of this example . 

[Drawing 15] The cross section having shown the manufacturing process of 
the light emitting diode of this example. 

[Drawing 16] The cross section having shown the manufacturing process of 
the light emitting diode of this example. 
[Description of Notations] 
10 -- Light emitting diode 

1 -- Silicon on sapphire 

2 — Buffer layer 

3 — Quantity carrier concentration n+ Layer 

4 — n layers of low carrier concentration 

5 50 —p layers (p layers of a multiplex layer structure) 
6—i layers (i layers of a multiplex layer structure) 
iHl-iH5 -- i layers of quantity high impurity concentration 
iLl-iL5 — i layers of low high impurity concentration 

7 8 - Electrode 
9 -- Slot 
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